A study was conducted with mature Hereford cows to quantitate blood flow, steroid secretion and nutrient uptake of the gravid uterus and fetus. Surgery was performed on cows at 163 to 166 (stage 1, N = 5) and 173 to 176 (stage 2, N = 11) d postmating. The uterus of each cow was exposed by midventral laparotomy and catheters were placed in a major branch of an artery (UA) and vein (UV) of the gravid uterine horn, an umbilical vein (UMV) and a fetal femoral artery (FA) and vein (FV). Samples were taken daily from the UA, UV, UMV and FA catheters. Plasma was frozen and later assayed for s-amino N (AN), urea N (UN), glucose (G), estrone (El), estradiol-17/3 (E2~3) and progesterone (Pa). Blood flow was estimated by the steady state diffusion method using antipyrine as the test substance on about d 7 postsurgery. Antipyrine, G, lactate (L) and O2 concentrations were determined in blood collected during this procedure. Concentrations of E 1 and E2/3 were greater (P<.05) in UV than in UA plasma, but these differences were reduced from stage 1 to stage 2. The UA and UV plasma concentrations of E 1 were greater (P<.05) than those of E2/3 across both stages of gestation (31 -+ 3 vs 16 + 1 and 72 + 11 vs 25 -+ 4 pg/ml, respectively contrast, E2/3 concentrations were greater (P<.05) than E1 in UMV and FA plasma (20 + 3 vs 12 -+ 2 and 22 + 2 vs 12 + 1 pg/ml, respectively). Concentrations of E1 and E2/3 in UMV plasma were equal to or greater than in FA plasma of stage 1 cows (14 t 4 and 27 + 3 vs 11 -+ 2 and 20 -+ 3 pg/ml, respectively). Stage 2 cows, however, had greater (P<.05) E2# concentrations in FA than UMV plasma (23 + 3 vs 13 + 2 pg/ml) while E 1 concentrations in FA plasma were similar to those in UMV plasma (12 + 1 vs 9 + 1 pg/ml). Regardless of stage of gestation, P4 concentrations in UA were greater (P<.05) than in UV plasma (7.01 + .94 vs 4.38 + .42 ng/ml) while concentrations of P4 in UMV (.21 + .04 ng/ml) and FA plasma (.18 + .05 ng/ml) approached the lower limits of assay sensitivity. These data suggest the bovine fetus maintained constant levels of E2~ despite decreased E2~ concentrations in UMV plasma. Mean uterine and umbilical blood flows were 5,954 + 518 and 1,107 + 44 ml/min, respectively. Net uptake of AN, UN, G, L and O2 by the gravid uterus was 1.17 + .11 meq/min, -.408 + .037 meq/min, .748 + .093 mmol/min, -.186 + .017 mmol/min and 4.04 -+ .19 mmol/min, respectively. Net fetal uptake of each of these metabolites was .184 + .007 meq/min, --.099 + .004 meq/min, .130 + .022 ~.amol/min, .192 + .048 mmol/min and 1.158 -+ .087 mmol/min, respectively. These data indicated a net uptake of AN, G and 02, and a net loss of UN by the fetus and gravid uterus, and indicated a net flux of lactate from the utero-placental unit to both the maternal and fetal circulations.
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I ntroduction
A basic understanding of the nutritional and hormonal requirements for normal development of gravid uterine tissues is essential to understand normal variability, and to study factors that 656 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 3, 1983 may contribute to differences in development of these tissues. Patterns of steroid hormone concentration in blood of cows during gestation (Donaldson et al., 1970; Stabenfeldt et al., 1970; Robertson and King, 1979; Ferrell and Ford, 1980) suggest changes in the site of estrogen secretion within the gravid uterus between 140 and 180 d postmating. Only limited data are available on umbilical blood flow or fetal nutrient utilization in the cow (Silver and Comline, 1975; Comline and Silver, 1976) and these data are restricted to late gestation (237 to 260 d). Only uterine blood flow and net nutrient uptake by the gravid uterus have been characterized throughout gestation (Ferrell and Ford, 1980) . The objectives of this study were: 1) determine uterine and umbilical blood flow rates; 2) determine net uptake or excretion rates of unconjugated estrone (E 1) and estradiol-17~3 (E23) as well as progesterone (Pa) by the utero-placental tissues and the fetus and 3) determine net uptake or excretion rates of oxygen, glucose, lactate, total s-amino acid N and urea N by the uterus and fetus of the cow during midgestation. Data were collected at two stages of gestation (165 to 170 d and 175 to 180 d) to investigate the apparent change in the site of estrogen secretion by the gravid uterus during midgestation.
Materials and Methods
Mature (4 to 7 yr old), nonpregnant Hereford cows (mean weight, 582 kg) were placed in a lot and fed a diet consisting of 90.0% corn silage (IFN 3-08-153), 9.1% soybean meal , .5% trace mineral salt (.25% Mg, .20% Fe, .1% S, .033% Cu, .0025% Co, .007% I, .005% Zn and 96 to 98% NaC1), .32% dicalcium phosphate (IFN 6-01-080) and .08% vitamin supplement (8,800,000 IU vitamin A, 880,000 IU vitamin D and 440 IU vitamin E/kg) at a level calculated to maintain maternal body weight. Cows were maintained on this diet throughout the experiment. Cows were mated to Angus bulls and breeding dates were reGibco Laboratories, Grand Island Biological Co., Grand Island, NY.
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corded. Pregnant cows (determined by rectal palpation) selected for surgery were separated from the main group of cows and stanchioned about 8 h daily for a minimum of 14 d before surgery so that they would become acclimated to handling and to the facilities. Cows that did not readily adapt to handling and confinement during this period were removed from the experiment. Cows were not allowed access to feed for 48 h or water for 24 h before surgery. Surgery was performed on five cows at 163 to 166 d postmating (stage 1) and on 11 cows at 173 to 176 d postmating (stage 2). Procedures for induction of general anesthesia were similar to those described by Ford et al. (1979) . The uterus was exposed by a midventral laparotomy and exteriorized. The uterus was bathed with warm (39 C) saline plus penicillin-streptomycin 6 (133,000 units penicillin, 133,000 gtg streptomycin/liter saline) at 5-to 10-rain intervals while exposed. A uterine artery and vein on the gravid horn were isolated. A catheter (polyvinyl, 1.12 mm id, 1.65 mm od, 2 m long with a silastic tip, 1.0 mm id, 2.2 mm od, 10 cm long or Tygon, 1.02 mm id, 1.78 mm od, 2 m long, treated with heparin complex 7) was inserted about 10 to 12 cm into each vessel, then secured to the mesometrium. An incision was made through the uterine wall between placentomes, and an opening was made through the placental membranes by blunt dissection. A purse string suture was placed in the uterine wall around the incision, a fetal hind leg was exteriorized through the incision and the suture was tightened. A fetal femoral artery and vein were exposed. Mepivacaine hydrochloride s was dripped periodically onto the vessels to minimize constriction. A catheter (polyvinyl, .71 mm id, 1.17 mm od, 2 m long treated with heparin complex) was lubricated with penicillin-streptomycin, then inserted 8 to 10 cm into each vessel. Catheters were secured to the fetal skin. The leg was then replaced into the uterus and the umbilical cord was exposed through the same opening. An umbilical vein was exposed at the hilum and a catheter like those used in the uterine vessels was inserted about 5 cm, then secured to the fetal skin. The umbilical cord was replaced and ampicillin 9 (500 to 550 mg) was injected into the uterus. The uterus was then closed around the catheters by drawing the purse string suture snug. A fold of the uterine wall was sutured over the opening to promote healing of the incision site. The uterus was replaced into the cow and all catheters were exteriorized through a flank incision. The midventral incision was then closed.
After surgery, cows were returned to the stanchion facility. In addition to 35 ml oxytetracycline 1~ given during surgery, each cow was given 40 ml penicillin 9 (Flo-Cillin) and sulfamethazine 11 (50 g/100 kg body weight) the day after surgery.
Beginning the day after surgery, blood samples were collected twice daily into heparinized tubes, at similar times each day from the uterine artery (10 ml), uterine vein (10 ml), umbilical vein (10 ml) and fetal femoral artery (5 ml) catheters. The fetal femoral vein catheter was used only for infusion of antipyrine during blood flow determinations. Fetal and maternal heart rates were determined at the time of sampling by visual observation of pulses in arterial catheters. Plasma was obtained and frozen for subsequent analyses. Plasma samples obtained on d 1 to 4 postsurgery were later assayed for El, E213, and P4.
Plasma samples obtained from d 3 postsurgery until sampling was terminated were assayed for glucose by the use of an automated procedure 12. Total a-amino N concentration was determined as described by Christenson and Prior (1978) and urea N concentration was determined by the citochrome BUN 13 method.
A modification of a procedure reported previously by Koligian and Stormshak (1977) was used for the quantification of E l and E2/3. In contrast to the previous methodology, 2 ml of plasma were extracted three times with three volumes of benzene 14 (spectrophotometric grade) and the final benzene extract was washed once with 400 /al of sterile water is to remove any polar-contaminants before Sephadex LH-20-10016 column chromatography that completely separated E 1 and E2/3. Before extraction 3,000 dpm [2,4,6,7-3H] munoassay utilizing a fully characterized ovine antiserum prepared against estradiol-3-trisuccinate albumin (S-310, No. 5; Tulchinsky and Abraham, 1971 ) that cross-reacted equally with E 1 and E2J3 (100%) and slightly less with estriol (78%) as determined in our laboratory. Crossreactivity of the antiserum with estradiol17a (E2a) was less than .01%. The antiserum was diluted (1:80,000) in phosphate-buffered saline (pH = 7.0, .1% gelatin) to achieve a level of 50% binding. Sensitivity of the assay, defined as the E 1 or E2t3 standard that yielded 95% of the counts in the buffer control tubes, was ~-2 pg. The precision and accuracy of this procedure were evaluated by adding 5, 10, 50, 100 and 150 pg of E 1 and E2/3 to plasma from an ovariectomized cow on a pg/ml basis. Each standard serum was assayed four times and the estrogen concentrations of the serum blank were subtracted. The resulting E1 concentrations (pg/ml + SE) were 3.9 -+ .1, 12.4 + .4, 59.1 + 2.3, 108.4 +-1.3 and 163.7 + 1.3 and E2~ concentrations (pg/ml + SE) were 4.6 + .3, 11.8 +-.6, 51.0 +-1.2, 102.6 + 1.8 and 156.9 + 2.1. Within-assay variability was determined by assaying replicates of a low and high plasma pool (N = 9) in one assay. The low pool was systemic blood obtained from estrous cows and the high pool was uterine venous blood from pregnant cows. Concentrations (+ SE) of E I and E2/3 were 14.4 -+ .3 (coefficient of variation, CV = 6.5%) and 7.3 -+ .3 (CV = 12.3%) pg/ml for the low pool and 815.0 + 19.6 (CV = 7.2%) and 102.6 + 3.0 (CV = 8.8%) pg/ml for the high pool. Between-assay variability for El and E2]3, determined by assaying duplicates of the same low and high pools in each of four assays, was 8.9 and 12.9% for the low pool and 12.2 and 12.4% for the high pool.
Radioimmunoassay of P4 was as reported by Louis et al. (1973) . Specificity of P4 antiserum (GDN337) used in this investigation was described previously by Niswender (1973) . Sensitivity of the assay was defined as the amount of Pa standard that yielded 95% of the cpm in the buffer control tubes; this amount ranged from 50 to 80 pg. With this method, the blank value for plasma from an ovariectomized cow was .21 + .02 ng/ml (X + SE, N --10). The precision and accuracy of the procedure was evaluated by adding .25 (N = 4), 1.00 (N = 4), 2.50 (N = 4), 5.00 (N = 4) and 10.00 (N = 4) ng P4 to this plasma pool on a ng/ml basis. These standard plasmas were assayed and the P4 concentration of the plasma blank was subtracted. The resulting P4 concentrations (+ SE) were .30 + .01, 1.17 + .03, 2.55 + .09, 4.87 + .17 and 10.81 -+ .52 ng/ml, respectively. Withinassay variability was determined with replicates (N = 10) of a plasma pool from luteal phase cows. The resulting concentration (+-SE) was 13.97 +-.21 ng/ml (CV = 4.9%). Between-assay variation determined by assaying duplicates of the plasma pool of luteal phase cows in each assay (N = 4) was 16.4%.
Regardless of whether cows were assigned to stage 1 or stage 2, no differences in plasma El, E23 or P4 were observed within a vessel from 1 to 4 d after surgery. Thus, values for each steroid were averaged for each vessel within a cow and used as a single observation for statistical analysis.
Uterine and umbilical blood flow were determined by the steady state diffusion technique (Meschia et al., 1967) . On about d 7 postsurgery a priming dose (10 ml) followed by a constant infusion (.19 ml/min; Harvard syringe infusion pump 17) of an antipyrine solution (25 g/100 ml water) was given into the fetal femoral vein. Blood samples were collectec~ into 10 ml tubes containing 15 mg disodium ethylenediaminetetraacetate (EDTA) from uterine artery (10 ml), uterine vein (10 ml), umbilical vein (5 ml) and fetal femoral artery (5 ml) catheters before and at 30 rain intervals after the infusion began, until the end of the infusion period (3.5 h). Blood samples were also collected at each time interval into heparinized capillary tubes 14 (250/.fl; Natelson blood collecting tubes) for determination of 02 content. All blood samples were transported, on ice, to the laboratory and analyzed for antipyrine, glucose, lactate and 02 within 30 min. Blood lactate concentration was determined by the method of Apstein et al. (1970) . Glucose concentration was determined as described previously. Antipyrine concentration was determined by the method of Meschia (1964) as modified by R. B. Wilening (personal communication). An automated system was used in which antipyrine from EDTA anticoagulated whole blood samples was dialyzed across a concurrent, membrane-limited system, then nitrosated by dilute nitrous acid formed by the combination of sodium nitrate aTModel 940, Harvard Apparatus, Millis, MA.
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and sulfuric acid. Absorption of the nitrosated compound was determined at 340 nm. Oxygen content of blood samples collected into capillary tubes was determined by the use of a Lex-O2-Con Is oxygen analyzer. Hematocrits were also determined. Uterine and umbilical blood flows were estimated by a method similar to that described by Meschia et al. (1967 Meschia et al. ( , 1980 . Umbilical blood flow was calculated according to the following equation:
n where n was the number of samples taken during the infusion period, IR represented the rate of antipyrine infusion, ARf represented the accumulation rate of antipyrine in the fetus, and the [A]a --[A] v difference was the antipyrine concentration difference between the fetal arterial and umbilical venous blood. The accumulation rate was calculated as the product of fetal body water times the slope of the regression of fetal arterial antipyrine concentration against time. Fetal body water was estimated from the data of Ferrell et al. (1976) . Uterine blood flow was calculated according to the following equation:
where n was the number of samples taken during the infusion period, IR was the antipyrine infusion rate, ARg represented the accumulation rate of antipyrine in the gravid uterus and the
A difference was the antipyrine concentration difference between the uterine vein and the uterine artery. The accumulation rate in the gravid uterus was calculated as the product of gravid uterine water (estimated from the data of Ferrell et al., 1976) times the slope of the regression of antipyrine concentration in fetal arterial blood against time. This calculation assumed antipyrine accumulated at the same rate in fetal and nonfetal gravid uterine tissues. Mean arterial and venous concentrations and arterial-venous concentration differences for each compound measured were obtained for each cow by averaging concentrations within a vessel and averaging arterial-venous concentration differences within a tissue, respectively. Thus, although mutliple samples were obtained per cow, each cow was used as a single observation for purposes of additional calculations and statistical analyses. Uterine and umbilical uptakes of lactate and 02 were calculated as follows:
3) Uterine uptake= uterine blood flow x arterio-venous blood concentration difference; 4) Umbilical uptake = umbilical blood flow x veno-arterial blood concentration difference.
Uterine and umbilical uptakes of a-amino N and urea N were calculated as follows:
5) Uterine uptake = uterine blood flow x (1-hematocrit) x arterio-venous plasma concentration difference; 6) Umbilical uptake = umbilical blood flow x (1-hernatocrit) x veno-arterial plasma concentration difference.
Because glucose was determined in both plasma and whole blood, glucose uptakes were calculated by the use of both sets of equations (3 and 4 or 5 and 6). Net utero-placental uptakes were calculated as follows:
7) Utero-placental uptake = uterine uptake -umbilical uptake.
Data were analyzed by analysis of variance procedures (Kirk, 1968) . The model used for the analysis of blood flow and nutrient concentration data included vessel (4) as the main effect. The model used for the analysis of steroid data included stage of gestation and vessel as main effects in a 2 x 4 factorial arrangement. Means were compared by ortho o gonal contrasts. Comparison of one steroid with another within a vessel was accomplished by use of paired t-tests (Zar, 1974) .
Results and Discussion
Two of the 16 cows on which surgery was performed gave birth to live, normal calves at 281 and 285 d postmating. Eleven of the remaining 14 cows aborted at a mean time of 26 +-3 d (range 11 to 52 d) postsurgery. Fetuses were apparently resorbed by three cows. Because a high proportion of the cows aborted following surgery, there must be concern about the normalcy of the fetuses during the sampling period. The criteria used to indicate normalcy were 1) patent fetal catheters, 2) maternal and fetal pulse rates, 3) normal maternal and fetal hematocrits and 4) normal 02 concentration in fetal blood. It should also be noted that the last blood sample was taken at 15 + 3 d before abortion, from cows that aborted. Fetal blood loss due to loss of catheters and sampling as well as infection via the catheters may have contributed to the high abortion rate.
Sulpho conjugates are the major form in which estrogens are present in both fetal and maternal fluids throughout gestation in the cow (Robertson and King, 1979) . The pattern of unconjugated estrogens in both fetal and maternal fluids are very similar to the patterns of their sulphated forms, although the concentration of the unconjugated hormones are lower (Robertson and King, 1979; Ferrell and Ford, 1980) . Thus, we expected the patterns of unconjugated E 1 and E2/3 in fetal and maternal blood of cows in this study to reflect the patterns of their conjugated forms in each compartment.
Uterine arterial and uterine venous concentrations of E 1 were greater (P<.05) than those of E2/3 across all days of gestation measured.
Concentrations of E 1 and E2/3 were greater (P<.05) in uterine venous plasma than uterine arterial blood of cows in stage 1 and stage 2, suggesting synthesis of estrogens by the gravid uterus. Concentrations of E 1 and Ez/3 in uterine venous plasma tended to decrease, however, from d 165 to d 175 of gestation (figure 1). These data are in agreement with those of Ferrell and Ford (1980) who observed a marked decline in estrogen concentrations in uterine venous plasma of the cow from 140 to 180 d of gestation. Coincident with declining concentrations of estrogens in uterine venous plasma, concentrations of E l and E2/3 also decreased in the umbilical vein from stage 1 to stage 2 cows (figure 1). These data suggest the origin of E1 and E2~ was placental rather than fetal, which (FerreU and Ford, 1980) , suggesting a subsequent increase in placental synthesis of estrogens within the gravid uterus. The placenta of the cow appears to be a selective barrier to steroid hormones until parturition because changing concentrations of unconjugated and conjugated estrogens in maternal blood are not accompanied by similar changes of these steroids in fetal blood (Peterson et al.~ 1975; Hoffmann et al., 1977) . In addition, the levels of both unconjugated and conjugated estrogens in fetal plasma showed little consistent change before calving (Hunter et al., 1974; Peterson et al., 1975) , which is in contrast to the large increase in conjugated estrogens that occur before parturition in blood of the fetal lamb and kid (Currie et al., 1973) .
In contrast to levels in maternal plasma, E213 concentrations were greater (P<.05) than E 1 m the umbilical vein and fetal femoral artery of cows across both stages sampled (20 + 3 vs 11 + 2 and 22 + 2 vs 12 + 1 pg/ml, respectively). In agreement with these data, Peterson et al. (1975) reported that concentrations of E2/3 were greater than E 1 concentrations in fetal blood, but that El was greater than E2/3 m maternal blood of cows and their fetuses near term. Although not measured in the present study, Hoffmann et al. (1977) reported that E2a was the major fetal estrogen and Ex the main maternal estrogen of pregnant cows. These researchers observed that the ratio of E 1 :E2a was 17.37 in the uterine vein and .39 m the umbilical vein; the ratio for conjugated Ex:E2a followed a similar pattern, averaging 5.98 and .45, respectively. Due to problems with assay sensitivity, however, Hoffmann et al. (1977) could not determine differences in E2~ between sampling sites. Thus, there are quantitative as well as qualitative differences m estrogens between the maternal and fetal circulations of the cow. In addition to synthesizing estrogens, the placenta may also regulate the amount of E l and E213 secreted into maternal and fetal compartments.
Concentrations of E 1 and E213 in the umbilical vein were equal to or greater than those in the fetal femoral artery of stage 1 cows (table  1) , suggesting again, a placental origin of these estrogens. Stage 2 cows, however, had greater (P<.05) E2/3 concentrations in the fetal femoral artery than the umbilical vein, while E1 concentrations in the fetal femoral artery tended to be greater than those in the umbilical veto.
The bovine fetus appears to maintain constant blood levels of E 1 and E~3 from 165 to 180 d of gestation (figure 1) in spite of decreasing concentrations of these hormones in the umbilical vein from stage 1 to stage 2 cows. These data are in agreement with those of Peterson et al. (1975) who reported that fetal plasma levels of unconjugated El and E2/3 remained relatively constant (5 to 35 pg/ml) throughout late gestation in the cow.
Regardless of stage (1 or 2), uterine arterial concentrations of P4 were greater (P<.05) than concentrations in uterine venous plasma (7.01 + .94 vs 4.38 +-.42 ng/ml, table 1). This finding agrees with previous results that suggest uterine venous blood does not contribute to circulating P4 levels (Wagner et al., 1974; Hoffmann et al., 1976; Ferrell and Ford, 1980) and argues against P4 secretion by tissues of the gravid uterus at these stages of gestation. There was no effect of day of gestation on concentrations of P4 in fetal plasma, which remained significantly below (P<.01) concentrations of P4 in maternal plasma. Thus, although significant amounts of P4 were removed from systemic blood by the gravid uterus, little P4 was seen in umbilical blood. This again argues that the placenta regulates the types and amounts of steroids reaching the fetal circulation.
None of the characteristics measured, other than E x, E2~ and P4, differed significantly due to stage of gestation; thus, the two stages were combined. The mean maternal heart rate was 68.6 + 2.6 (N = 9) and the mean fetal heart rate was 144.4 -+ 2.4 (N = 8) beats/rain. Comline and Silver (1976) reported a mean fetal heart rate of 142.5 -+ 1.9 beats/min in calves during late gestation, and Earl et al. (1980) observed fetal heart rates of 135 to 175 beats/min during late gestation. The mean hematocrit value for maternal blood was 33.7 + 1.1% and the mean value for fetal blood was 25.8 + .6%. Mean uterine blood flow in this study was 5,954 -+ 518 ml/min (N = 8). This value was considerably higher than reported by Ferrell and Ford (1980) who used electromagnetic blood flow transducers. The mean gravid uterine weight, estimated from the regression of gravid uterine weight on days postmating (Ferrell et al., 1976) , was 16.2 + .5 kg at the time of antipyrine infusion. Uterine blood flow expressed as ml'kg gravid uterus -1 "rain -1 was estimated to be 339 +-34 (N = 8). Silver and Comline (1975) and Comline and Silver (1976) used a diffusion-equilibrium method during late gestation in chronic catheterized cows and mares and obtained similar results. Cotter et al. (1969) reported that uterine blood flow increased during early gestation in goats, peaked at about 850 ml'kg -~'min -1 at about 50 d, then decreased and finally plateaued at 354 ml'kg -1 "min -1 from 70 to 150 d of gestation. Meschia et al. (1967) reported uterine blood flow to be 282 ml'kg -1 "min -I in sheep. Slightly lower values were reported by Christenson and Prior (1978) and Meschia et al. (1980) who studied ewes with single fetuses. Part of the variation in the reported results may be due to methodological differences. It is expected that electromagnetic blood flow transducers may yield low estimates because vessels other than the middle uterine artery may supply a portion of the blood to the gravid uterine horn. On the other hand, dilution or diffusion techniques may result in overestimates of blood flow because of incomplete diffusion of the marker compound across the uterus and placenta. Animal and species variation as well as stage of gestation may also contribute to the differences in reported values.
Mean umbilical blood flow was 1,107 -+ 44 ml/min (N = 6). Mean fetal weight at the time blood flow was measured, as estimated from the data of Ferrell et al. (1976) kg. From these data umbilical blood flow was estimated to be 212 + 17 ml'kg fetus -1 "min -l 9 This value was similar to those observed in cows during late gestation (Silver and Comline, 1975; Comline and Silver, 1976) , but were higher than values (171 to 179 ml'kg-l"min -1) observed in the mare (Silver and Comline, 1975) and ewe (Makowski et al., 1968; James et al., 1972; Meschia et al., 1980) . Mean glucose concentration (table 2) in uterine arterial plasma was similar to that observed by Ferrell and Ford (1980) in cows on a similar diet. The range in uterine arterial plasma glucose concentration (3.06 to 4.44 mM) was similar to that reported by Comline and Silver (1976; 3.33 to 4.72 mM) . The mean umbilical plasma glucose concentration was also similar to that reported by Comline and Silver (1976) , but the range was slightly higher in this study (.89 to 2.44 vs .94 to 2.00 raM). Mean umbilical plasma glucose concentration was about 40% of uterine arterial plasma glucose concentration. Silver et al. (1973) indicated umbilical plasma glucose concentration to be about 32% of maternal arterial plasma glucose concentration in the cow. Those researchers reported the relationship between umbilical venous glucose concentration (Y) and maternal arterial glucose concentration (X) to be: Y = .32X -.19, where concentrations were expressed in mg glucose/100 ml plasma. Similar analysis of the data from this study yielded: Y = . 77X -25.19 (r = .69, N = 64) . This analysis suggested glucose concentration in fetal blood increased more rapidly in response to an increase in maternal circulating levels than indicated by Silver et al. (1973) . These differences may relate to the stage of gestation at which the measurements were made.
Uterine arterial and umbilical vein whole blood glucose concentrations (table 2) were lower than in plasma. The differences were approximately equal to the hematocrits of blood samples from the respective vessels. The ratio of mean umbilical blood glucose concentration to mean uterine blood glucose concentration was .52. The uterine arterial and umbilical venous blood glucose concentrations and the difference between uterine arterial and umbilical venous glucose concentrations were similar to those observed by Tsoulos et al. (1971) . Burd et al. (1975) observed uterine arterial and umbilical venous blood lactate concentrations similar to those observed in this study (table 2) . James et al. (1972) and Burd et al. (1975) reported higher 02 concentrations in umbilical venous and fetal pedal arterial blood of sheep than was observed in comparable samples in this study, but Crenshaw et al. (1968) reported values similar to those observed in this study. Uterine arterial plasma a-amino N and urea N concentrations were similar to values reported previously (Ferrell and Ford, 1980) . Umbilical venous plasma a-amino N concentration was about twofold higher than uterine arterial plasma concentration. These results support the conclusion of Lemons (1979) , that amino acids are actively transported by the placenta from the mother to the fetus. The similarity of the plasma urea N concentrations in umbilical venous and uterine arterial plasma suggested the concentration gradient from fetal to maternal circulations was (9) aMean +-SE; no. of cows is in parentheses.
small. Comline and Silver (1976) reported similar findings in cows; however, Battaglia and Meschia (1973) reported a much larger concentration gradient in sheep. Mean uterine arterial-venous and umbilical venous-fetal femoral arterial concentration differences for the nutrients measured are presented in table 3. Negative relationships were observed between uterine blood flow (X, ml/min) and blood glucose (Y = .298 -.028X, r = --.69, N = 7, P<.10) and 02 (Y = 1.498 -.134X; r = -.89, N = 7; P<.05) arterio-venous differences (Y, mM). Comline and Silver (1976) and Crenshaw et al. (1968) also observed negative relationships between glucose or 02 arterio-venous differences and uterine blood flow rate. The mean uterine glucose arteriovenous difference w~s lower than observed previously (Ferrell and Ford, 1980) ; however, a large part of the different results appear to be due to the relatively high rate of blood flow observed in this study compared with that observed previously. Uterine plasma a-amino N and urea N arterio-venous difference was similar to the values observed previously at 178 to 190 d of gestation in cows (Ferrell and Ford, 1980) . These data (table 3) indicated a net uptake of 02, glucose and a-amino N by both the gravid uterus and fetus. Lactate was apparently produced by utero-placental tissues resulting in a net flow to both the fetal and maternal circulation. Comline and Silver (1976) reported similar findings. The data also suggested a net flow of urea N from the fetus and uteroplacental tissues to the maternal circulation.
Net uptakes of glucose, lactate, 02, a-amino N and urea N by the gravid uterus, fetus and utero-placenta are presented diagramatically in figure 2. Net uptakes of these metabolites per kilogram of tissue are presented in table 4. Net uptake of glucose by the various tissues was similar when estimated from either whole blood or plasma values. Net glucose uptake by the fetus was about 17% of the net gravid uterine uptake. Apparently about 83% of the gravid uterine net glucose uptake was metabolized by utero-placental tissues. Results similar to these have been reported in the cow (Comline and Silver, 1976) and ewe Meschia et al., 1980) . Data reported by Comline and Silver (1976) and Meschia et al. (1980) as well as those obtained in the present study (figure 2, table 4) demonstrate that a significant amount of lactate is produced by the utero-placental tissue in the ruminant. The amount of lactate produced would account for about 30% of the net glucose uptake by the utero-placenta in this study if it is assumed that glucose was the sole source of lactate. The data also suggest the possibility that lactate may play a substantial role in fetal metabolism in the ruminant.
Estimates of 02 uptake by the gravid uterus and fetus (figure 2, table 4) were lower than have been reported previously in cows and ewes, but 02 uptake by utero-placental tissues were similar (Comline and Silver, 1976; Meschia et al., 1980) . Part of the difference between these reports and data obtained in this study may be due to the stage of gestation at which the measurements were made. Cotter et al. (1969) observed that 02 uptake by the gravid uterus was very low in early pregnancy in goats, but thereafter the consumption rose and reached a plateau. However, all of these data indicate that O2 consumption, hence, energy expenditure, of utero-placental tissues appears to be very high relative to that of the fetus per unit weight.
Total a-amino N uptake by the gravid uterus (figure 2, table 4) was similar to values reported by Lemons et al. (1976) and Ferrell and Ford (1980) . but lower than reported by Christenson and Prior (1978) . Net loss of urea N from the gravid uterus was lower than reported by Ferrell and Ford (1980) , but was similar to that reported by Gresham et al. (1972) . Comline and Silver (1976) estimated the urea excretion rate to be only 32% of that observed in this study.
Loss of N as urea N (table 4) was about 54, 30 and 35% of total a-amino N uptake by the fetus, utero-placenta and gravid uterus, respectively. In comparison, Gresham et al. (1972) estimated 40% of the total N that crossed the placenta to the fetus was returned to the maternal tissues as urea and Ferrell and Ford (1980) estimated that N excretion by the gravid uterus as urea was about 50% of the total a-amino N uptake. Holtzman et al. (1977) showed that ammonia was excreted in significant quantities from the utero-placenta into both the uterine and umbilical circulations. These results indicate that absorbed amino acids are catabolized at high rates by both the fetal and utero-placental tissues.
Net accumulation of N in the gravid uterus and fetus can be estimated as total a-amino N uptake minus urea N loss. Net N accretion in the gravid uterus and fetus were thus estimated to be .765 and .085 meq/min or about 15.4 and 1.7 g/d. The gravid uterine N accretion rate was considerably higher, but the fetal N accretion rate was similar to values reported by Fertell et al. (1976) . Nitrogen loss from the uteroplacental tissues in forms other than urea such as ammonia, nucleic acids and porphyrins may account for much of the difference.
That glucose is a major energy source for the fetus has been well documented (Tsoulos et al., 1971; James et al., 1972; Silver and Comline, 1975; Christenson and Prior, 1978) . , Burd et al. (1975) and Comline and Silver (1976) have shown lactate and amino acids contribute significant amounts of energy bGravid uterus includes fetus, fetal fluids, fetal membranes and uterus; utero-placenta includes fetal membranes and uterus. Weights were calculated from the data of Ferrell et al. (1976) .
to gravid uterine and fetal metabolism. Respiratory quotients (RQ) for glucose were calculated from these data as: 6 • glucose uptake RQ= 02 uptake and were 1.13 + .14, .74 + .11 and 1.27 -+ .25 for the gravid uterus, fetus and utero-placenta, respectively. However, as indicated by data in figure 2 , net lactate uptake by the fetus was substantial. The fetal RQ for lactate, calculated as: RQ = 3 • lactate uptake 02 uptake was. 51 +-. 11. Lactate corrected glucose RQ for the gravid uterus, fetus and utero-placenta were 1.01 -+ .13, 1.26 + .17 and .91 -+ .24. Metabolism of amino acids to urea requires about 3.6~ mmol O2/meq urea N (Kleiber, 1975) . Thus, urea N production by the gravid uterus, fetus and utero-placenta required 1.50 +-.14, .365 -+ .015 and 1.04 t .17 mmol OJmin. Oxygen required by the gravid uterus, fetus and utero-placenta for urea production as a proportion of total 02 uptake was .396 + .037, .328 r .023 and .443 • .070. Obviously, the O2 required to completely oxidize glucose and lactate and metabolize amino acids to urea was greater than total 02 uptake. Similarly, Comline and Silver (1976) observed a total substrate to 02 quotient of 1.26 in the calf. However, the growth rates of the gravid uterus and fetus are about 243 and 142 g/d at this stage of gestation (Ferrell et al., 1976) . Utilization of glucose and lactate as carbon sources for tissue synthesis in gravid uterine tissues would probably account for a relatively large proportion of the total net uptake. These values suggest that 33 to 44% of the total energy needs of gravid uterine tissues were supplied by the catabolism of amino acids to urea. These data also suggest that net glucose and lactate uptake by the fetus, if totally oxidized, was sufficient to account for 74 and 51% of fetal 02 consumption, respectively. Similar conclusions can be drawn from other reports in the literature (Tsoulos et al., 1971; Battaglia and Meschia, 1973; Burd et al., 1975; Comline and Silver, 1976; Ferrell and Ford, 1980) . These data indicate glucose, lactate and amino acids are major energy substrates for the ruminant fetus.
